I. INTRODUCTION
Neodymium-iron-boron ͑Nd-Fe-B͒ magnets with excellent magnetic properties have been widely used in various applications such as computer devices and acoustic equipment since their discovery in 1983.
1,2 The superiority of the magnets originates from the Nd 2 Fe 14 B intermetallic compound, which has a large saturation magnetization and a high magnetocrystalline anisotropy field. 3, 4 As shown in the Nd-Fe-B quasibinary phase diagram sectioned along the tie-line from Fe to Nd 2 B ͑Fig. 1͒, the ferromagnetic Nd 2 Fe 14 B phase is formed via the peritectic reaction between the properitectic ␥-Fe phase and the residual liquid if the alloy composition is close to that of stoichiometric Nd 2 Fe 14 B.
5 In the casting alloy, therefore, the ␣-Fe phase, which was transformed from ␥-Fe, inevitably remains as a soft magnetic phase, deteriorating the hard magnetic properties of magnets. 6 In order to suppress the peritectic reaction, two approaches have been used; one is the rapid cooling of the melt with the rate higher than that of the nucleation of the properitectic phase, and the other is undercooling the melt deeply below the peritectic temperature. Melt spinning and gas atomizing that have achieved the Nd 2 Fe 14 B microstructure free from ␥-Fe are the typical example of the former case.
2,7 Containerless processing, on the other hand, such as electromagnetic levitation and free falling in a drop tube, is that of the latter case. [8] [9] [10] [11] [12] [13] [14] [15] [16] Comparing these two cases, the containerless processing seems to have an advantage at the point that bulk samples can be produced. In fact, after the work on the electromagnetic levitation of Nd 2 Fe 14 B done by Hermann and Loeser in 1998, several investigations [8] [9] [10] [11] [12] have suggested that the bulk phase of Nd 2 Fe 14 B is directly crystallized from the undercooled melt. Gao et al., however, reported that in Nd x Fe 100−1.5x B 0.5x ͑x =14-22͒ alloys the metastable Nd 2 Fe 17 B x ͑x ϳ 1͒ phase is formed as the primary a͒ Author to whom correspondence should be addressed; present address: Department of Aerospace Engineering, Tokyo Metropolitan University, 6-6 Asahigaoka, Hino, Tokyo 191-0065, Japan; electronic mail: shumpei.ozawa@tmit.ac.jp 
